Water environmental safety assessment and water pollution control are the key points embodying the construction of human ecological civilization and an important step in promoting the construction of beautiful China. The Haihe River Basin is currently one of the regions with the highest level of water resources utilization and the most scarce water resources in many river basins in China. This paper constructed an evaluation index system of water environment security, which includes three first-level indicators and 15 second-level indicators. The dynamic change process of water environment security in Haihe River Basin in 2006-2017 was evaluated by the improved comprehensive evaluation method and the entropy weight method. And the main factors affecting water security in the basin were identified. It is found that the main factors of water environment security in Haihe River Basin are water resources per capita, forest coverage and water consumption per capita, and the countermeasures. Some suggestions for improving water environment security in Haihe River Basin were put forward.
Introduction
China is a recognized water-poor country. The per capita water resources is seriously below the international standard level. In December 2018, the relevant departments adopted the National Standard for Surface Water Environmental Quality (GB3838-2002) to evaluate many provincial boundary sections of several cross-provincial rivers in the Haihe River Basin. Compared with December 2017, the proportion of water quality sections IV-V decreased slightly; and the proportion of water quality sections inferior V was rising.
In order to alleviate the severe water environment situation faced by our country and realize the sustainable development of water environment, the government has taken many measures. As early as 1986, there was China's Water Resources Utilization. Among them, the most stringent assessment method for Implementing the strictest water resources management system was promulgated in 2013. and the latest relevant policy was the Opinions on the Reform of the Paid Use System of Water Resources promulgated in 2018.
In this context, it is of great theoretical and practical significance to evaluate the water environment security of the Haihe River Basin and explore the most important factors affecting the water environment security of the Haihe River Basin.
At present, the definition of water environmental security in China is rather vague. This paper adopts the definition put forward by Zeng(2004) : emphasizing that water environmental safety is the water quality condition to ensure the safety of water body, maintaining enough water to ensure that the surrounding environment is in a good state and maintain normal ecological functions, while meeting the needs of human life and social production to the greatest extent [1] .This paper refers to the literature of some scholars on the selection of indicators, such as Zhang C et al.(2010) from three aspects of pollution, water quality and ecology, 22 indicators are selected to construct the water environment security index system; Liu Yongye et al. (2007) from four aspects of natural  conditions, water resources management, water resources development and utilization and social  development, 17 indicators are selected to describe the water resources security situation. At present, there are few studies on water environment security, Ahmadi et al.(2012) considers that water environment security is water quality security. In this paper, a multi-objective optimization model is used to determine the water allocation of the target land in the basin.
Domestic scholars mainly focus on water resources security, water environment quality, water resources carrying capacity and so on. There are many scholars' experience in the research of water environment security assessment. Because the water environment standard and water environment grade appeared in the evaluation process of domestic scholars are some vague concepts, and the basin involves many provinces and municipalities, the environmental factors are very complex, and the factors will inevitably interact with each other. Therefore, as a quantitative evaluation method based on fuzzy mathematics, which quantifies some erroneous data and factors with unclear boundaries, the fuzzy evaluation method has been widely used in water environmental safety assessment. The traditional fuzzy evaluation method has some shortcomings. It usually uses the "over-standard method" to calculate the weight of factors [5] . This method completely ignores the correlation among various factors. In order to remedy this defect, the determination of weight is of great significance in the construction of multi-attribute and multi-objective comprehensive evaluation. At present, there are three kinds of weighting methods: subjective weighting method, comprehensive weighting method and objective weighting method. Entropy weight method is a kind of objective weighting method, which relies entirely on the index data found by the calculator to calculate weights, and has nothing to do with the experience of the calculator. Wang In view of the lack of data in recent years and continuous data analysis in the annual period of Haihe River Basin water environment security assessment in China, this paper weights the Haihe River Basin to the whole Haihe River Basin using the data of administrative divisions (spanning eight provincial administrative units). The dynamic change process of water environment security in Haihe River Basin in 2006-2017 was evaluatrd by the improved comprehensive evaluation method and the entropy weight method. And the main factors affecting water security in the basin were identified.
Construction of Evaluation Index System

Selection of Evaluation Index
Based on existing researches, this paper constructs three first-level indicators: economic and social, water quality and ecological environment, and selects 15 indicators of Haihe River Basin from these three aspects from 2006 to 2017.
Sources and Collation of Data
The Haihe River Basin flows through Beijing, Tianjin, Henan, Hebei, Shanxi, Liaoning, Shandong and Inner Mongolia Autonomous Region. The proportion of each province in the Haihe River Basin is shown in Figure I . 
Indicator Evaluation Criteria
Considering the current situation of water resources and the level of social and economic development in China, this paper divides the water environmental safety evaluation index into five grades: very safe, safe, normal, slightly worse and worse, based on the water environmental quality standards, relevant literature and monitoring data. The evaluation criteria are shown in Table I . 
Evaluation Method: Improved Fuzzy Comprehensive Evaluation Method
Important Steps of Fuzzy Comprehensive Evaluation Method
This paper refers to (Liu Xiuli, Tu Zhuozuo 2018) using the improved fuzzy comprehensive evaluation method to evaluate the evaluation index grade. The following steps are generally required:
Step 1: Find the membership function The membership degree is calculated according to the classification standard of single pollution factor and the measured concentration. Using the following linear functions
The degree of membership in the first grade is as follows: 
The membership degrees of the second, third and fourth grades are as follows: 
The degree of membership of the fifth grade is as follows: 
Ain indicates that the nth pollution factor belongs to the subordinate degree of the nth grade, while rk indicates the standard concentration of the nth pollution factor in the kth grade.
For those factors whose concentration is smaller and safer, formula (1) -(3) is adopted to calculate membership degree. When the index factor is the greater the concentration, the safer it is, the membership degree should also be calculated by formula (1) - (3) . Only if the < of formula (1) -(3) is replaced by (>).
Step 2: Weight determination In this paper, we first establish an evaluation system including 15 indicators, and then use the method of entropy weight to calculate the weight. The results are as follows: Fig Step 3: Comprehensive evaluation In order to avoid the loss of information, this thesis adopts the principle of weighted average, regards rank as a relative position and makes it continuous. Five ranks are expressed in turn by 1, 2, 3, 4, 5, which is called rank of each rank. From the first step, we can get a membership degree A of 5 *15. The nth column of A represents the nth influencing factor W belongs to the membership degree of each grade.
(4) CIN indicates that the nth index affecting the water environment safety of Haihe River Basin belongs to the subordinate degree of grade i, Vn is the nth weight coefficient affecting the water environment safety index of Haihe River Basin, and W represents the relative position of the water environment safety. According to the formula, the water environmental safety grade W is between 1 and 5, with a minimum value of 1 and a maximum value of 5.Only when each index reaches the first-class standard, W = 1; when all the indexes reach or exceed the fifth-class standard, W = 5, the rest of the cases, 1 < W < 5.
Assessment Grade of Water Environment Safety in Haihe River Basin
This thesis calculates the evaluation grade of 2006-2017 according to the grade of 15 indexes in Haihe River Basin. The results are shown in Table II : 
Assessment of Water Environment Safety
Result Analysis with Fuzzy Comprehensive Evaluation Method
According to the definition of water environment safety grade in Haihe River Basin, the smaller the grade W, the safer the water environment in Haihe River Basin. 
Analysis of the Influencing Degree of Various Factors
The proportion of each influencing factor in the final water environment assessment is calculated by formula 5-1. The larger the lmn, the greater the negative impact of the index factor on the water environment.
(5) According to formula 5-1, the Lmn of 15 indicators is calculated and analyzed for four years. Since the trend of each indicator in the next eight years is approximately the same as that in the previous four years, the data of 2014-2017 are retained in this paper, as shown in figure IV, the longitudinal coordinate is lmn, and the abscissa is the 15 indicators selected for this paper. From the chart, we can see that the most important factor affecting the water environment security of Haihe River Basin in 2006-2017 is the per capita water resources, followed by forest coverage and per capita water consumption. 
Contrastive Analysis of Per Capita Water Resources and Per Capita Domestic Water Consumption
According to Figure III , ecological factors have the greatest impact on the water environment security of the Haihe River Basin. Improving per capita water resources, forest cover and per capita water use are the most effective.
From the collected data, it can be seen that the per capita water resources in Beijing, Tianjin and Hebei are seriously low from 2006 to 2017. The South-to-North Water Transfer Project alone is far from enough to fundamentally improve the situation of the serious low per capita water resources in Beijing, Tianjin and Hebei. Besides the serious economic and regional problems, the per capita water resources in the whole Haihe River Basin are also seriously lower than the fifth national water resources scarcity measurement standard. It is shown in Fig. V(A) .
The Haihe River Basin data of 2006-2017, which can be compared with the per capita water resources, are not within the national standard of per capita water consumption for urban residents. From Fig. V(A) , it can be seen that the per capita domestic water consumption in Haihe River Basin exceeds the national per capita water consumption standard. From Fig. V(A) , the per capita water resources in 2006-2017 are lower than the national standard, while the per capita domestic water consumption is higher than the national standard. It can be seen that the water resources in Haihe River Basin are indeed in short supply, and the water environment safety in Haihe River Basin should be paid attention to, but from Fig. V(B) , it can be seen From 2006 to 2017, the per capita water consumption curve of Haihe River Basin showed a downward trend, and approached the national per capita water consumption standard year by year. The situation of per capita water consumption exceeding the standard in Haihe River Basin was improving. 
Policy Suggestion
Based on the above analysis, in order to improve the level of water environment security assessment and the water environment security situation in the Haihe River Basin, this paper puts forward the following suggestions:
(1) The urgent task is to improve the serious low per capita water resources in Haihe River Basin. According to the five types of water functions, this paper proposes to flexibly mobilize and regulate the external and local water transfer in all aspects, taking into account the various functions of water, developing new water sources, strengthening the recycling of water resources, improving the sewage recovery rate, realizing the multi-use of one water as far as possible, and fully improving the efficiency of water resources use. At present, seawater desalination projects are not widely carried out in China. Considering transportation costs, Beijing, Tianjin and coastal cities can consider seawater desalination measures.
(2) Forest coverage is the second highest factor affecting the water environment security in Haihe River Basin. It is suggested that the government can mobilize the enthusiasm of the masses to carry out tree planting activities scientifically from all levels of universities, state institutions and residential communities. For example, college students 'innovative credits can add tree planting credits to the credits. At the same time, it is suggested that the government should carry out ecological landscape corridor greening, community garden greening and other projects, and focus on forest ecosystem protection.
(3) Domestic sewage discharge accounts for a large proportion in China, and urban domestic sewage discharge accounts for 78.4% of wastewater discharge. Therefore, attention should be paid not only to industrial sewage, but also to the treatment of domestic sewage.
Summary
In this paper, a water environmental safety assessment system with 15 indicators is established from three aspects: economic and social, water quality and resource conditions. Relevant data were searched from eight provinces of Haihe River basin and added to the whole Haihe River basin according to the proportion of each province to obtain the index data for 2006-2017.Then, the water environment security of Haihe River Basin based on provincial administrative regions is evaluated by using the method of fuzzy comprehensive evaluation and entropy weight. It is concretely concluded that the most important factors affecting the water environment security of Haihe River Basin in 2006-2017 are the per capita water resources, the proportion of water used in ecological environment and the forest coverage rate. Governments at all levels should strengthen sewage treatment. Specific conclusions are as follows: (1) According to the principle that the smaller W is, the safer the water environment of Haihe River Basin is, the water environment grade of Haihe River Basin in China has been improved year by year, although it has a relatively small fluctuation during 2006-2017.(2) The most important factor affecting the water environment security in Haihe River Basin from 2006 to 2017 is the per capita water resources, followed by the forest coverage, and then the per capita domestic water consumption. Among the three first-level indicators, the ecological environmental factors have the greatest impact on the water environment security in Haihe River Basin.
